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Micro-bunched slow extraction

Time
Extraction resonance

F
re

qu
en

cy Empty buckets generate energy modulation of debunched beam
Higher cavity voltage and/or smaller ∆P/P  →  shorter bunches
Need ~200 ps bunches every 40 ns with ~95% extraction efficiency

Debunched beam

40 ns200 ps



� �� � � �� � �� 	 
�� 
 � � � �� �� � 	� �� �� � � � �� � ��� . . �

) (% � �� � (� � ) � *� � ' � � )� *  % �� � (�  � * )� ( * )� � �

�	 �
 � �


� ��� �� �� ��� 8� < /2

� ��� �� �� 0�� < 3 < @ 4
� 	 �
 � �


� � �� � �� �� � � 8 @ 4 /2

� � �� � �� �� 0�� < 3 < < < 2
� � ��� � � �
 � � 


� � �� � �� �� ��� @ � 4 /2

� � �� � �� �� 0 � < 3 < < 8



� �� � � �� � �� 	 
�� 
 � � � �� �� � 	� �� �� � � N �� � ��� . . �

! �" # � �  � *% '� �  ' �

B * + $ + ) 4 % 0 } / % & ,( $4# & ) 0 ) 7 } + & =

4 * + - C5 � C ) +( 4 % 0 } ' +01 # 2 � 83 4�� �

B * + 02 / + $ 4 % 0 4# &# 2 @< < � 41 % 0 , �

;* & %# � �@ + % 4 > 0 =4 + % / 0 2 2 # ) 7 4 * %( 4

$1 & =5 ' C 2 F + + /# ) 71 0 7 ) + 42 0 ) ,

0 $ & } }# 1 0 4# & )2 8 2 4 +1 �

-. / + $4 � 23 4 -. ? 0 ) , � 	 < < ; 2 < < >�


F# 4 * 0 ;
 > � @< ; 8 	 8 > " + = / +%

1 # $% & '( ) $ * �

D # 7( % +2 * & F2 4 * + $0 } $( } 0 4 +, ) & %�


1 0 }# � +, ) +( 4 % & ) / % &� } +2 = & % 8 02 


/ + $ 4 % 0 4# &2 0 4 4 * + =% & ) 4 & = 4 * + / % +


% 0 , # 0 4 & % ; @� < < $1 =% &1 4 0 % 7 + 4 >

: 2 / + $4 % 0 4# & � @# 2 @< < � 41 % 0 , � �



� �� � � �� � �� 	 
�� 
 � � � �� �� � 	� �� �� � �� �� � ��� . . �

Preradiator

• Measures �� e �� rection ��   rays with   
 

25mr by

tracking ��  e! -e" pair in � � e early shower.

• Total radiation length  2  (70 % of  converts).

• Consists of 4 2.5x2.5m² (2x2m² active region)

quadrants.

• Each 	�
 adrant has 8 modules (construction
 � it).

• A � � dule has 8 alternating 
 � Y readout chambers,  

9 scintillator, and thin � � diator (Cu and Al) ��� anes.

• Each � � mbination (scintillator+chamber+radiator) 

is � � 03 � � l. thick.

• A � � oton veto system that is mounted in the same 

support structure surrounds the active region ��

the preradiator.

• Chamber electronics will be mounted outside the

photon �� to system.

• All photo-tubes can easily � �  accessed for 

maintenance.

BEAM

Preradiator
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" %  % ' � ) ' *� %

1mm dia. WLS fiber
in groove

Copper plate

Extruded Al chamber

Back bone

0.25mm

5mm

0.5mm

5mm

Extruded Scintillator
Anode wire

Cathode strips

9mm
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Scintillator production
• Six hole scintillator has been produced

successfully.

• Surface quality and dimension stability

will be improved in the near future tests.

• Attenuation length is still shorter than

expected, but for the application of fast

timing measurement  the impact is small.

• No hole diameter dependence.

WLS fibers

In the real production a sizer 
box will be installed here.



� �� � � �� � �� 	 
�� 
 � � � �� �� � 	� �� �� � � � �� � ��� . . �

� � ' + � � ��� ( '� � % ) �  *  %  �  % � � %  + � � � * )� � �� � 	�
 � 

 �� �� � � � � �

0

2

4

6

8

10

12

14

0 0.5 1 1.5 2
Beam energy, GeV

E
ne

rg
y 

re
so

lu
ti

on
, %

  60 x (4.0 mm Sc + 1.40 mm Pb)
120 x (3.0 mm Sc + 0.70 mm Pb)
240 x (1.5 mm Sc + 0.35 mm Pb)
300 x (1.5 mm Sc + 0.25 mm Pb)

Monte Carlo simulation
KOPIO module (simulation)
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Charged Particle Vetoing

π −

π +

185 290   
Momentum (MeV/c)  

10-5

10-4

10-3

ε

PSI Measurement
(Preliminary)

Data

MC

KOPIO
Goal 4

5

4

4

NIM 359, 478 (1995)

KEK: 1 GeV/c

________________________

Particle              

(3.2 0.9) 10

1.6 10

1.3 10

(6.0 0.6) 10

________________________

e x

x

e x

x

ε

π

π

+ −

+ −

− −

− −

±

<
<

±

A

0Example Background:  L eπ ν γ− +→K

Plastic Scintillator



� �� � � �� � �� 	 
�� 
 � � � �� �� � 	� �� �� � � � �� � ��� � � �

Fig.1:Base design of catcher

one module
distribution
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March 6, 2004 KOPIO meeting, T. Nomura (Kyoto U.) 6

Expected performance with current design

Photon efficiency / Neutron sensitivity

» Average over +/- 10cm(y), normal incident to Catcher

Neutron sensitivity

0.3% @ 0.8GeV

Neutron energy (GeV)
0.5 1.0 1.5 2.0 2.5 3.0
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10-4
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Photon efficiency

Photon energy (GeV)
0.2 0.4 0.6 0.8 1.0 1.2

>99% @ 300MeV
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Remind: E949-2002 beam conditions were not optimized

• a faiulre of the AGS power supply

• reduced operating voltage of one of the DC separators

• 12 weeks

The conditions will be improved in the next run.

E787 E949-’02 E949 optimized

AGS energy GeV 24 22 24

beam spill sec 2.2 2.2 4.1

cycle sec 4.2 5.4 6.4

duty factor % 52 41 64

K+/π+ 4 3 4

NK in the spill 1.8 2.5 5.0

NK MHz 0.8 1.2 1.2

rates in the detector M ×2 ×2 or less

beam time weeks 12 ≥60

17
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KOPIO Beam and Constraints
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Parameter Minimal Expected
Requirement Performance

Eγ resolution 3.5%/
√

E 2.7%/
√

E
θγ resolution (250MeV) (25 − 30) mr 23 mr

tγ resolution 100ps/
√

E 50ps/
√

E
xγ, yγ resolution(250MeV) 10mm < 1mm
µ-bunch width 300ps 200ps
γ-veto inefficiency εE787 0.3εE787

Shashlyk calorimeter

2 X0 Preradiator

Beam " veto

√

Scintillator

Paper + lead
+ paper

PM tube

50   m steel
tapes
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Simulation: Combined Energy Resolution
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( )E GeV
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